Twenty novel tetramic acid derivatives (E)-3-(1-(alkyloxyamino)ethylidene)-1-alkylpyrrolidine-2,4-diones were synthesized by the reaction of 3-(1-hydroxyethylidene)pyrrolidine-2,4-diones with O-alkyl hydroxylamines. The title compounds were confirmed by IR, 1 H NMR, MS and elemental analysis. The structure of compound 6r was further verified by X-ray diffraction crystallography. The bioassays showed that most of the title compounds exhibited noticeable herbicidal and fungicidal activities. R 1 : 6a-e = i-C 3 H 7 , 6f-j = n-C 4 H 9 , 6k-o = t-C 4 H 9 , 6p-t = cyclo-C 6 H 11 . R 2 : 6a, 6f, 6k, 6p = n-C 3 H 7 , 6b, 6g, 6l, 6q = i-C 3 H 7 , 6c, 6h, 6m, 6r = CH 2 -CH=CH 2 , 6d, 6i, 6n, 6s = n-C 4 H 9 , 6e, 6j, 6o, 6t = CH 2 C 6 H 5 .
Introduction
To study the active material of natural products such as nicotine, toosendanin, pyrethrum, and essential oil of Caesulia axillaris etc., [1] [2] [3] [4] is very common in the field of medicinal chemistry. Pyrrolidine-2,4-dione (also known as tetramic acid) is one of the outstanding kinds of natural compounds, some naturally bioactive tetramic acids could be seen in Scheme 1. [5] [6] [7] [8] Thereinto, tenuazonic acid (or TeA for short), a metabolic toxin from widely differing phytopathogenic fungi, has been found possessing herbicidal, antibacterial, and antitumor activities, [9] [10] [11] it has evoked many chemist's great interest. Up to now, multifarious tenuazonic acid derivatives have been synthesized to screen out new compounds with biological activity. For example, a series of 3-(α-hydroxy-benzylidene)pyrrolidine-2,4-dione derivatives were reported displaying high herbicidal activity, 12 another kind of tenuazonic acid derivatives with oxime ether moiety were presented showing obvious herbicidal and antifungal activities simultaneously. 13 As an important kind of pesticides the oxime ether derivatives have been applied as insecticides, fungicides, and herbicides. Sulfoxime is a new insecticide with a structure of propiophenone oxime ether, having the characteristics of high activity, low toxicity, and low residue. 14 Cymoxan is the first oxime ether fungicide commercialized by DuPont. 15 And the first cyclohexanedione herbicide, alloxydim-sodium, with a oxime ether group, is a postemergence herbicide providing excellent control of a wide range of grass weeds. 16 In this article, alkyl and cycloalkyl were introduced to the 1-position of the heterocycle pyrrolidine-2,4-dione respectively, instead of substituted phenyl or hydrogen reported by Zhu, 13 to design and synthesize a series of novel tetramic acid derivatives with oxime ether moiety at 3-position. Moreover, these synthesized title compounds were tested to evaluate their herbicidal and fungicidal activities. reaction of 1-alkyl-3-(1-hydroxyethylidene)pyrrolidine-2,4-diones 4 with O-alkyl hydroxylamines 5 in the presence of sodium hydroxide. The detailed synthetic route and the structures of title compounds are shown in Scheme 2.
Intermediates 4 were prepared according to the method including three steps. Firstly, ethyl bromoacetate was reacted with amine in ether to obtain ethyl 2-(alkylamino)acetate 2. Then the treatment of compound 2 with diketene under low temperature formed ethyl 2-(N-alkyl-3-oxo-butyramido)acetate 3, which was cyclized in the presence of sodium methoxide and acidified with hydrochloric acid to obtain intermediates 4. 17 The intermediates 5 O-propyl, O-isopropyl, O-allyl, O-butyl, and Obenzyl hydroxylamine hydrochlorides were synthesized with starting materials ethyl acetate and hydroxylamine hydrochloride via a facile three-step procedure including acetylamination, etherification and hydrolyzation. 18, 19 Structure. In the IR spectra of the title compound 6 there were relatively strong absorption bands for the carbonyls at around 1680 cm -1 and 1635 cm -1 respectively. The stretching vibration absorption peak of N-H group existed at 3100 -3182 cm -1 . In
H NMR spectra of 6a-t, the singlet at δH 3.57 -3.76 assigned to the C-H proton of NCH2 and singlet at δH 2.40 -2.54 assigned to the C-H protons of CH3C=N. Furthermore, the MS spectra of all the compounds 6 showed the molecular ion peak (M + , 12 -100%), and other fragmentation ions were consistent with their structures and could be clearly assigned. The data of measured elemental analyses were also consistent with the corresponding calculated ones.
In the crystal structure of compound 6r (Figure 1 (2) to form a sawtoothed configuration. What's more, the molecular structure of compound 6r showed E configuration of the ethylidene group and the dione structure of pyrrolidine. The crystal and refinement details of compound 6r could be seen in Table 1 .
The compounds containing the group of tetramic acid usually tautomerize their structures between ketone form and enol form. 20 The spectroscopic analysis especially X-ray diffraction crystallography revealed that the title compounds' structure belonged under ketone form. On contray to this, 3-(1-(alkyloxyimino)ethyl)-5-arylidene-4-hydroxypyrroline-2-one derivatives, another oxime ether of tetramic acid, exist in enol form. 21 By our recent research, it was found that there might be crucial relationship between tautomers and their biological activities, the title compounds exhibited noticeable herbicidal and fungicidal activities simultaneity, but above mentioned 4-hydroxypyrroline-2-one derivatives showed only fungicidal activity. 21 This deduction provided an important guidance for further studies on structural modification of tetramic acid derivatives. 
Experimental
The melting points of the products were determined on a WRS-1B digital melting-point apparatus and were not corrected. IR was recorded on a Bruker Tensor 27 FT-IR spectrometer with KBr disk. Elemental analyses were performed on a Elementar Vario-III CHN analyzer. Mass spectra was recorded on a GC/ MS-QP2010 spectrometer using direct injection technique.
1 H NMR spectra was taken on a Mercury plus varian-300 spectrometer with TMS as the internal reference and CDCl3 as the solvent. X-ray diffraction was performed with a Brucker Smart APEX II CCD diffractometer. All reagents were analytical reagent grade or were chemically pure. The solvents were dried prior to use as needed.
General procedure for the synthesis of 1-alkyl-3-(1-hydroxyethylidene)pyrrolidine-2,4-diones 4. The solution of amine (0.3 mol) in ether (50 mL) was cooled to 0 o C and ethyl bromoacetate was added gently in 2 h. Then the reaction mixture was stirred for 12 h at room temperature. After filtering and washing with ether, the filtrate was gradually removed by evaporation under vacuum to give the liquid product ethyl 2-(alkylamino)acetate.
Whereafter, ethyl 2-(alkylamino) acetate (0.12 mol) was dissolved in benzene (50 mL), cooled to 10 o C, added diketene (0.12 mol) slowly in 1 h and stirred for 10 h at room temperature. Then the solution of sodium methoxide (0.12 mol) in 40 mL methanol was added and refluxed for 4 h. By evaporation under vacuum the solvent was removed and 100 mL water was added, the impurities were extracted with ether (25 mL × 3) for three times, the aqueous layer was acidified to pH = 2 -3 with 20% hydrochloric acid to obtain white solid, which was precipitated, filtered off, dried, recrystallized with ethyl acetate to get intermediates 4 in yield 43.2% -62.1%. General procedure for the preparation of the title ompounds 6a-t. To the compound 4 (1.5 mmol) and O-substituted hydroxylamine hydrochloride 5 (2.1 mmol) in ethanol (25 mL) was added 2% NaOH (4.4 mL). Then the solution was refluxed and monitored on TLC. After the reaction completed, water (50 mL) was added, the organic layer was extracted with ethyl acetate, dried over anhydrous MgSO4. The solvent was removed under reduced pressure. Recrystallization from ether afforded the corresponding compounds 6a-t.
(E)- 
Biological Evaluation
The title compounds were evaluated for their herbicidal activities in Petri plates against Echinochloa crusgalli and Brassica campestris according to a modified method. 22 The results as shown in Table 2 indicated that all the compounds displayed obvious inhibition activities against the roots of two tested plants at the concentration of 100 µg/mL. The inhibitory rates of the compounds 6i, 6p and 6s against the root of B. campestris exceeded 70%, and the inhibitory rate of the compounds 6c, 6d, 6i, 6p, 6r and 6s against the root of E. crusgalli were over 80%.
In addition, the fungicidal activities of the title compounds in vitro against Fusarium graminearum, Rhizoctonia cerealis and Colletotrichum orbiculare were tested by using a mycelia growth inhibition technique according to the literature. 23 As Table 2 shown, almost all the compounds exhibited higher fungicidal activities than TeA at the concentration of 100 µg/mL. Thereinto, the compound 6j presented best fungicidal activities with inhibition ratios of more than 50% against all the tested pathogenic fungi.
Comparing the title compounds containing alkyl or cycloalkyl at 1-position with the similar kind of oxime ether compounds containing substituted phenyl or hydrogen at 1-position, the former presented better inhibiting effect against the weed root and nearly same bioactivity against fungi, but almost lost their inhibition activity against the weed stem. 13 It is interesting that another pyrrolidine-2,4-dione derivatives with schiff base group at 3-position also exhibited remarkably herbicidal activities and fungicidal activities simultaneity. 24 It indicated that it is feasible and promising to further modify the structure against 3-position of pyrrolidine-2,4-dione to design and screen new pesticides.
Conclusions
In summary, a series of novel tetramic acid derivatives containing oxime ether group at 3-position were designed and synthesized. All these compounds were confirmed by IR, MS, 1 H NMR spectra and elemental analysis. Especially X-ray single crystal structure diffraction to the compound 6r made sure the pyrrolidine-2,4-dione moiety and E configuration of the title compounds. According to the preliminary bioassays most of the title compounds exhibited noticeable herbicidal activities especially against the root of E. crusgalli and higher fungicidal activities than the leading compound TeA. Further studies on structural modification and the relationship between structures and biological activities are currently underway.
